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Abstract

Key words

The rupture of a mine dam inAznalcóllar (SW Spain) inApril 1998 entailed the contamination of
Guadalquivir River and its estuary. To study the ability of bivalve shells to monitor the temporal
changes on metal composition in the area, two year old were obtained from
two different locations of the estuary (Pantalan highly influenced and Pantoca less influenced)
during the year 2000 and 2007. Co, Hg, Mo, Ni and Zn content was measured in shell and soft
tissue of . Metal composition in shells sampled by micromilling and corresponding to
the years 1999, 2000, 2006 and 2007 was higher in Pantalan (Co: 5.88±2.7 µg g ; Hg: 0.04±0.03
µg g ; Mo: 0.41±7.90 µg g ; Ni: 37.66±25.56 µg g and Zn: 9.19±8.88 µg g ) than in Pantoca
(Co: 3.64±0.50 µg g ; Hg: 0.02±0.02 µg g ; Mo: 4.70±1.20 µg g ; Ni: 7.21±13.60 µg g and Zn:
3.90±1.89 µg g ). A marked temporal decrease was observed for all metals in Pantalan station
with concentrations of Co, Hg, Mo, Ni and Zn varying respectively from 7.35±3.02, 0.05±0.03,
19.90±2.40, 70.58±21.94 and 18.04±0.98 µg g , in 1999 to 3.07±1.08, 0.009±0.001, 2.40±1.43,
10.11±3.80 and 1.11±0.33 µg g in 2007, indicating that the effect of the mine accident had
diminished significantly. Metal content in soft tissues did not follow the same decreasing trend
indicating that soft tissues present a different capacity to accumulate metals from the
environment. Our results confirm that micromilling shells are a suitable tool to assess
bioaccumulation of contaminants during the entire life-span of bivalves.
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Introduction

Estuaries are major corridors for the mass exchange

between drainage basins and the sea. As the interface where

land and sea interact, estuaries have been the focus of scientific

research using biomonitors or other ecological indices to

evaluate the anthropogenic impacts (Meng and Liu, 2010). The

primary requirement for a healthy estuarine ecosystem is that

the system should be stable and sustainable, with a strong

resistivity to adverse external pressures. Unfortunately,

estuarine ecosystems located at the downstream ends of

drainage basins frequently suffer significant degradation due to

upstream development, intensive use and associated water

basin pollution making them most vulnerable of the coastal

areas. It is therefore important to trace out the causes of such

degradations, and understand the active measures that can be

taken to protect and restore the health of endangered estuarine

ecosystems.
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The estuarine ecosystems are largely controlled by the

quantity and quality of water and sediment coming from inland

(King ., 2005).Acase of chronic pollution caused by the inland

river transport of mine residues occured at Iberian Pyrite Belt

located in Southwest of Iberian Peninsula (Riba ., 2005). This

pollution acutely increased due to the Aznalcóllar mining spill that

occurred in April 1998 due to breakage of a tailing pond in a pyrite

mine representing one of the worst ecological disasters ever

registered in Spain (Gómez-Parra ., 2000; Grimalt .,

1999; Nieto ., 2007). This spill was rich in metals (i.e. Ag, As,

Cd, Co, Cu, Fe, Hg, Pb and Zn among others (Grimalt .,

1999)) polluting a wide area of Guadalquivir river and estuary

(Blasco ., 1999; Drake ., 1999). Aquatic living organisms

accumulate metals in their tissues from the surroundings and

bioaccumulation of these metals produce toxic effects when they

are present in the environment at high levels (Bryan ., 1992).

This toxicity has the capacity to induce changes in the community

composition and reduce the species variability (Clements, 1991;

Mucha ., 2004; Warwick, 2001) and produce human health

hazards when incorporated to the trophic chain. There have been

numerous studies on the environmental effects and remediation

of the Aznalcóllar mine spill (Blasco ., 1999; Drake .,

1999; Gómez-Parra ., 2000; Grimalt ., 1999; Nieto .,

2007). Moreover, the area is still monitored to study the

effectiveness of the clean-up operations, to assess the

bioaccumulation problems, address the management and long-

term conservation of the area and even more to evaluate and

predict potential risks for human health (Riba ., 2005; Tovar-

Sánchez ., 2006).

Filter feeder bivalves are useful tool to study the metal

bioavailability in coastal and estuarine areas (Cravo ., 2002;

Pérez ., 2004; Türkmen and Türkmen, 2005); particularly, the

Scrobicularidae family, which has as its main ecological

characteristics its tolerance to physical and chemical changes in

the sediment and its rapid demographic adaptability to variations

in the environment (Hughes, 1970; Nott, 1980). The endobenthic

tellinid bivalve, (da Costa, 1778) inhabits

intertidal estuarine, muds and sands and is widely distributed in

the Northeast Atlantic Ocean, Mediterranean and Black Sea

(Tebble, 1976). It is a native, abundant and widely distributed

species in the Guadalquivir estuarine environment. Because of

their sedentary lifestyle, metal-accumulation ability and tolerance

to chemical exposure, tissues of have been widely

studied to assess metal contamination (Ahmad ., 2011; Buffet

., 2011; Luoma and Bryan, 1982; Mouneyrac ., 2008;

Riba ., 2004a; Solé ., 2009).

Mineralization of biogenic carbonates, like the shell of

bivalves, is regulated by internal processes and external

variables like water temperature, salinity or pH, which can

determine growth rate, calcium carbonate crystallization forms or

inclusion of trace elements into the shell structure (Cerrato, 2000;

Foster and Chacko, 1995; Rosenberg and Hughes, 1991). In
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mollusks, external shell calcification occurs within the extrapallial

fluid, which is secreted by the mantle and is isolated from the

external medium (Wilbur and Saleddin, 1983) Calcium

carbonate in bivalve shells deposits continuously as aragonite or

calcite, forming layers supported by a protein matrix where

periodical (tidal) growth patterns can be recognizable for age

determination (Cerrato, 2000).Since the mantle tissue is directly

exposed to the environment and deposits the shell at the growing

edge, bivalve shells can act as a receptacle for foreign chemical

species (Comfort, 1949) and record environmental changes by

incorporating selectively some elements during the

biomineralization process related to the sediment nature and

ontogenic processes (Tazaki and Nori, 2008; Vander Putten .,

2000). Studies with mussels have shown that albeit the shell may

incorporate much less metals than the soft tissues, their

metabolization is lower acting as a sequestration compartment

(Hervé-Fernández ., 2010), and therefore are more

appropriate for monitoring pollution since the degree of trace

metal variation is low (Yap ., 2003). However, the composition

of extrapallial fluid might be altered with respect to seawater due

to the influence of metabolic activity of the mantel (Klein .,

1996) and metals are not necessary incorporated into the calcite

crystal structure (Lingard ., 1992). It is plausible to think that

shell metal content could be related with its presence in the

environment. Guadalquivir river basin has carbonate geology and

is slightly alkaline which has pronounced effects on the

bioavailability of metals affecting the calcification rates and metal

incorporation into the shell (Albaiges ., 1987; Campbell,

1995). Moreover, the permanence of the shells in time and their

discrete incremental growth that can be used to determine age

and therefore the year's class, make shells as a possible useful

register of pollution events.

The study of chemical composition in calcium carbonate

tissues can be carried out by several techniques like Inductively

Coupled Plasma Mass Spectrometry (ICP-MS) or Inductively

Coupled Plasma Atomic Emission Spectroscopy (ICP-AES)

among others. Usually, both techniques require aqueous solution

of the samples to be analyzed, thus digestion of the whole

calcified structure are done in the whole shell that the

environmental record is integrated and average of the entire life-

span of the individuals are obtained (Cravo ., 2002). The use

of surface-based techniques (i.e. mass spectrometry coupled to

laser ablation or to drilling techniques) allow to obtain discrete

pieces of the surface according to growth marks in order to get

temporal records of composition. Both techniques have been

satisfactory used on bivalve shells (e.g. Carré ., 2006; Gillikin

., 2005; Toland ., 2000; Vander Putten ., 2000) and

fish otoliths (Elsdon ., 2008; Morales-Nin ., 2005).

The aim of present study was to determine, for first time,

the shell metal composition of collected from two areas of

Guadalquivir Estuary affected by Aznalcóllar mine spill.

Micromilling technique was done on the shells to assess the
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Fig. 2 : Screen captures of the micromill working on a shell. a)

drill bit milling on the core (first year) of a shell. b) milled groves at both

halves on the edge (second year) shell area before (right side) and after

(left side) collecting the milled powder. Shell umbo (white arrow) and

growth increments (black arrows) are indicated

S. plana

an epoxy resin, submerged in 2% nitric acid (Suprapur quality) for

15 sec, triple-rinsed in Milli-Q water and dried overnight in a

laminar flow hood.

Surface sampling of the shells was performed using a

micromill (NewWave Research). With the micromill software an

imaginary line was designed from the umbo (a protuberance

which represents the oldest part of the bivalve shell) to the margin

following the maximum growth distance (shell length-SL) to divide

the shell in two equal halves which would be considered as

replicates and used for two different purposes (see below). Both

halves were milled at two different a mond

bit (Diatech H859-018), in the first case, a 2600 m-side and 100

m-depth square was milled close to the umbo to obtain a sample

representative of the first year of animal's life (core); in the second

case, a 7000 m-curve (100 m depth) was milled close to the

margin following the shell growing pattern (increments) which

represents the sampling year (edge) (Fig. 2); the bit was cleaned

reas using a 500 µm dia

µ

µ

µ µ

11Using clam shells as pollution biomarkers

temporal variation on the metal load and thus to evaluate the

capacity of the shells to monitor environmental metal

concentration.

Individuals of were

collected in 2000 and 2007 at two intertidal areas (Pantoca: PTC

and Pantalan: PTL) of the Guadalquivir estuary (SW Spain) (Fig.

1). Pantalan station (36º 53' 03.23''N, 6º 20' 41.51''W) was

affected by mine spill to a greater extent than Pantoca station (36º

48' 52.86''N; 6º 20'26.02''W). The specimens were collected

manually at low tide in both sampling stations from a depth

ranging between 0 and 10 cm. Clams were transported to the

laboratory and were depurated for 48 hr in a tank with flowing

clean seawater in order to remove particulate material of the

tissues and to avoid overestimation of metal contents.

Four shells from each station (two shells from

each river margin) and sampling year (2000 and 2007) (n=16)

were selected for chemical analyses. Shell length (SL) ranged

from 22.2 to 31.6 mm and age was determined according to

Hughes (1970) and Guerreiro (1998). In all cases clams were 2

years old (Table 1).

To remove organic and inorganic material, shells were

submerged in ultrapure water type I (Milli-Q) and smoothly

scratched with 10 % acid-clean polytetrafluoroethylene (PTFE)

tweezers, rinsed in Milli-Q water, sonicated in a Milli-Q water bath

for 2 min and allowed to dry overnight in a laminar flow hood

following the modified method of Foster and Chacko (1995) and

Chang . (2006). Prior to analysis each individual shell was

glued with its convex side down on an acid-clean glass slide using

Materials and Methods

Field sampling :

Shell analyses :

Scrobicularia plana

et al

Fig. 1 : Study area and sampling sites on the Guadalquivir estuary. PTL:

Pantalan station, PTC: Pantoca station.
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with compressed air after milling each area to avoid cross

contamination. Following this milling procedure, each shell was

sampled at two different growth marks, at age 1 and at age 2 that

corresponded to years 1999 and 2000 for shells collected in 2000

and to years 2006 and 2007 for shells sampled in 2007 (Table 1).

For estimating trace metal (Ag, Cd, Co, Cu, Mo, Ni, Pb and Zn)

milling powder samples from one half-shell were collected with an

acid-clean polypropylene (PP) scalpel and put in pre-weighed

acid-clean 5 ml PTFE vials. 1 ml nitric acid (65%) (Ultrapure

quality) was added to each PTFE vial and allowed to acid

digestion for 1 week at room temperature, acid solution was

transferred to acid clean PP vials and 9 ml Milli-Q water was

added to make a final volume of 10 ml. Chemical analyses were

performed by ICP-AES (Perkin Elmer Optima 5110). The other

half-shell milling powders were used to determine Hg content.

Milling powders were placed on pre-weighed acid-clean 0.5 ml PP

vials and analyzed in an Hg analyser (DMA80, Milestone). Prior to

analysis all vials were weighed and final weight of the samples

were calculated as weighing differences (Table 1).

In laboratory, soft tissue was

dissected and damped out. Organisms from each station were

divided into three pools of 10-15 specimens and lyophilized in a

Virtis lyophiliser. Once samples were dried, they were crushed

and homogenized to a fine powder in an agate bowl with a

Planetary Mono Mill (Pulverissette 6, Fristch). Samples were

digested according to the procedure described by Amiard .

(1987) and metal concentrations were quantified using GFAAS

(Perkin Elmer, 4100 ZL) or ICP-AES (Perkin-Elmer, 2100 DV).

The results, expressed as µg g d.wt., were checked using

reference material and they showed a good concordance with

certified values and accuracy being within 15%.

Data of metal concentration in sediment and water

samples were obtained from published research articles and

annual reports from Guadalquivir estuary environmental quality

Soft tissue analyses : S. plana

et al

-1

Table 1:

Shell ID Station SL Position Year Mill 1 powder Mill 2 powder

(mm) sampled weight (mg) weight (mg)

S. plana shell length, milling position, year sampled and powder weights for mill 1 (Co, Mo, Ni and Zn analysis) and mill 2 (Hg analysis).

PTL IZ 00-1 Pantalan left 27.77 core 1999 3.478 2.626

PTL IZ 00-1 edge 2000 3.929 2.110

PTL IZ 00-2 Pantalan left 23.50 core 1999 3.371 2.886

PTL IZ 00-2 edge 2000 3.915 3.457

PTLDE 00-1 Pantalan right 25.03 core 1999 2.553 2.857

PTLDE 00-1 edge 2000 2.890 2.903

PTLDE 00-2 Pantalan right 26.06 core 1999 2.735 3.347

PTLDE 00-2 edge 2000 2.810 3.827

PTC IZ 00-1 Pantoca left 29.80 core 1999 3.226 3.139

PTC IZ 00-1 edge 2000 4.865 3.225

PTC IZ 00-2 Pantoca left 29.89 core 1999 3.279 3.190

PTC IZ 00-2 edge 2000 4.036 3.088

PTC DE 00-1 Pantoca right 31.57 core 1999 4.450 3.604

PTC DE 00-1 edge 2000 3.617 2.902

PTC DE 00-2 Pantoca right 25.56 core 1999 4.454 3.726

PTC DE 00-2 edge 2000 4.105 2.886

PTL IZ 07-1 Pantalan left 22.94 core 2006 6.074 NA

PTLIZ 07-1 edge 2007 4.498

PTL IZ 07-2 Pantalan left 22.79 core 2006 3.519 NA

PTLIZ 07-2 edge 2007 5.470

PTLDE 07-1 Pantalan right 27.19 core 2006 4.196 4.205

PTLDE 07-1 edge 2007 5.359 2.726

PTLDE 07-2 Pantalan right 22.18 core 2006 4.331 NA

PTLDE 07-2 edge 2007 4.974

PTC IZ 07-1 Pantoca left 26.86 core 2006 2.387 NA

PTC IZ 07-1 edge 2007 5.344

PTC IZ 07-2 Pantoca left 25.97 core 2006 3.935 NA

PTC IZ 07-2 edge 2007 5.708

PTC DE 07-1 Pantoca right 27.73 core 2006 4.195 5.254

PTC DE 07-1 edge 2007 5.768 3.155

PTC DE 07-2 Pantoca right 28.30 core 2006 4.771 NA

PTC DE 07-2 edge 2007 5.573

NA= Not analysed; SL=Shell length

S. Pérez-Mayol et al.
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Table 2:

Station Year Type Cd Co Cu Fe Hg Ni Pb Zn Reference

PTL

PTC

Metal concentration in sediment ( g g ) and water samples ( g l ) of Pantalan (PTL) and Pantoca (PTC) stations obtained from literature

1998 sediment 0.92 n.a. 12.1 13744 n.a. n.a. 28.15 276.00 [1]

1999 water <0.50 n.a. <1.00 n.a. <0.10 4.00 <5.00 12.00 [2]

2000 sediment <0.50 n.a. 37.00 n.a. 0.20 559.00 20.00 114.00 [3]

2006 sediment <0.50 n.a. 31.00 32000 0.50 24.00 23.00 514.00 [4] [5]

2006 water <0.50 n.a. 5.00 n.a. <0.10 2.50 <5.00 14.00 [4]

2007 sediment 0.22 11.21 21.64 28889 0.25 60.88 26.08 64.51 [1] [4] [6]

2007 water <0.50 n.a. 4.63 n.a. <0.10 2.38 <5.00 19.40 [4] [6]

1998 sediment 0.29 n.a. 18.63 13972 n.a. n.a. 23.58 130.25 [5] [7]

1998 water <0.22 0.14 2.16 50.00 n.a. n.a. n.a. 7.19 [8]

1999 water <0.50 n.a <1.00 n.a. <0.10 2.00 <5.00 12.00 [2]

2000 sediment <0.50 n.a 24.00 n.a. 0.20 426.00 19.00 121.00 [3]

2006 sediment <0.50 n.a 47.00 35000 0.10 28.00 39.00 302.00 [4] [5]

2006 water <0.50 n.a 4.23 n.a. <0.10 0.75 <5.00 12.80 [4]

2007 sediment 0.26 9.74 49.93 29202 0.24 28.14 38.45 163.48 [1] [9]

2007 water <0.50 n.a 3.13 n.a. <0.10 1.67 <5.00 14.00 [4] [6]

[1] Tornero, pers. comm.; [2] Dirección General de Participación e Información Ambiental, 1999; [3] Dirección General de Participación e Información

Ambiental, 2000; [4] Dirección General de Participación e Información Ambiental, 2006; [5] Usero, 2008; [6] Dirección General de Participación e

InformaciónAmbiental, 2007; [7] Riba , 2002; [8]Achterberg et al., 1999; [9] Tornero , 2011; NA= Not available

µ µ-1 -1

et al. et al.

Table 3:

Station Year Co n Hg n Mo n Ni n Pb n Zn n

PTL

PTC

Metal content ( g g ) in soft tissues from collected at Pantalan (PTL) and Pantoca (PTC) stations

2000 4.93±1.52 12 0.17±0.02 6 1.55±0.22 12 3.87±0.93 12 10.49±2.34 8 653.41±148.96 8

2007 6.99±3.38 7 0.23±0.05 5 1.11±0.28 7 4.88±2.67 7 15.87±10.56 6 771.79±342.95 6

1999 5.34±0.99 14 0.19±0.16 7 1.09±0.34 14 2.39±0.69 14 12.08±3.32 8 859.49±219.71 8

2000 3.85±1.01 10 0.14±0.02 5 1.98±0.89 10 2.73±0.65 10 12.21±2.35 6 614.97±99.26 6

2007 8.54±8.34 6 0.31±0.11 4 1.29±0.47 6 3.29±2.35 6 15.38±4.78 6 741.68±158.30 6

-1
S. planaµ

n=number of samples; Values are mean of replicates SD+

13

data from the regional area administrator (Table 2).

Temporal evolution of metal contamination in

from Guadalquivir river has been established following the

Aznalcollar accident (García-Luque ., 2003; Morillo .,

2005; Riba ., 2004b; Romero-Ruiz ., 2008; Tornero .,

2011) but none of these works have included studies on the

calcified tissues as a method to assess the contamination on the

area. Until now microchemistry studies on bivalve shells have

always analysed shell transversal sections with LA-ICPMS

(Fuge ., 1993; Price and Pearce, 1997; Toland ., 2000),

this technique allows to extract the temporal information hidden

on the middle layer of the shell, well isolated from the exterior and

without any possibility to suffer processes of dissolution and

precipitation (Gillikin ., 2005). Extraction of temporal

samples in shell sections using microdrill has been used to study

stable isotopes (Goodwin ., 2003; Toland ., 2000) but bit

Results and Discussion

S. plana

et al et al

et al et al et al

et al et al

et al

et al et al

́

size and shell width are the major constraints to use this

technique in thin shells. Therefore, milling of the

nacreous layer of the shell using a bit perforation (i.e. 100 m) it

was performed which ensures the acquisition on the internal

layers of the shell structure. Thus, the method allows obtaining a

register of the shell metal composition, with both spatial and

temporal resolutions.

Shells of were analyzed for Ag, Cd, Co, Cu, Hg,

Mo, Ni, Pb and Zn content. Due to scarcity of samples collected at

each river margin, only sites (stations) were considered for

comparison and river margin differences were not taken into

account. Cobalt, Hg, Ni, Mo and Zn were the only elements that

could be quantified in all years and sites. In all cases, levels of Ag,

Cd and Cu were undetectable. Lead was detected only at PTL for

year 1999 and 2000 whereas for the second sampling period

values were below detectable limit of the equipment which were

calculated as 3 times the standard deviation of blanks. The

detection limits were as follows: Ag (0.36 g l ), Cd (0.54 g l ),

S. plana

S. plana

µ

µ µ
-1 -1

Using clam shells as pollution biomarkers
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Co (0.10 g l ), Cu (0.1 g l ), Hg (0.1 g l ), Mo (0.19 g l ), Ni

(0.05 g l ), Pb (2.6 g l ) and Zn (0.26 g l ).

Temporal variation for Co, Hg, Mo, Ni and Zn in soft tissue

and shell of for both PTC and PTLsites are shown in Fig. 3.

Concentrations of Co, Hg, Mo, Ni and Zn in shell were higher in PTL

area than in PTC area for the period studied. Mean concentration of

metals in both upstream (PTL) and downstream (PTC) stations for

the period 1999-2007 ranged from 5.88 to 3.64 g g for Co, 0.04 to

0.02 g g for Hg, 10.41 to 4.70 g g for Mo, 37.66 to 7.21 g g

for Ni and 9.19 to 3.90 g g for Zn respectively. These results

confirm that the upstream location was severely affected due to

mine spill as reported by several authors (Gómez-Parra .,

2000; Morillo ., 2005; Riba ., 2002) and data obtained for

µ µ µ µ

µ µ µ

µ

µ µ µ

µ

-1 -1 -1 -1

-1 -1 -1

-1

-1 -1 -1

-1

S. plana

et al

et al et al

sediment and water composition (Table 2).

Metal concentration in soft tissue of showed

difference between both river sites. Cobalt and Ni content in soft

tissues was found to be high in PTL (5.96 and 4.37 g g ) than in

the PTC (5.91 and 2.80 g g ), whereas other metals were found

in lower concentrations in PTL than in PTC station (Hg: 0.20 and

0.21 g g ; Mo: 1.33 and 1.45 g g and Zn: 712.60 and 738.71

g g ) (Fig. 3). However, difference in metal concentration found

between stations were low. These results indicate that

environmental differences in trace metal concentrations between

sites cannot be observed by analyzing soft tissues, at least when

sites are close to each other. This is in agreement with the study of

Cravo . (2002), who reported that the metal composition in

S. plana

et al
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Fig. 3 : Average concentration of metals in soft tissue and shell ( g g ) of collected from Pantalan (PTL) and Pantoca (PTC) stations. Error bars

represent the standard errors
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soft tissue of the bivalve at two polluted areas

presented greater variability than shell implying that shells could

provide a more realistic indicator of contamination.

Metal concentration in shell through time varied at both
stations (Table 3). At PTL site all metals showed a decreasing
trend from 1999 to 2007, being more pronounced for some metals
than others. Thus, metal concentration in shells collected from
PTL station in 2007 were 2.4 (Co), 5.7 (Hg), 8.3 (Mo), 7.0 (Ni) and
16.2 (Zn) times lower than those reported in 1999, suggesting
that the influence of mine spill decreased with time. Although with
lower concentration, this trend was also evident for Ni and Hg at
PTC station, while for Co and Mo the concentration in shells
remained constant with time, suggesting that for these elements
PTC area was less influenced by mine spill. The only element that
showed a slight increase with time was Zn at PTC station, with 1.7
times higher concentration in 2007 than in 1999 (Fig. 3). This
increase in Zn concentration was also observed on sediment
composition (Table 2) and could be influenced by the local
contamination in the area mainly from agriculture and urban
activities from Sevilla and Sanlúcar de Barramenda cities (Fig. 1)
(Establier and Gutiérrez, 1970; Morillo ., 2005) Nickel
concentration in water showed a variable temporal pattern at PTC
station, with concentration varying between 2.00 g l in 1999,
0.75 g l in 2000 and 1.67 g l in 2007, respectively (Table 2),
indicating an enrichment in Ni in 2007 with respect to 2000. This
trend was opposite with that observed in the shells, where Ni
concentration decreased for the whole time-span, indicating that
water chemistry is not the only factor that should influence on the
composition of the shells (Almeida et al. 1998; Klein et al., 1996;
Vander Putten ., 2000).

Cobalt, Hg and Ni content in soft tissues of showed

a temporal increase from 1999 to 2007 at both stations (Fig. 3).

Molybdenum concentration in both PTL and PTC stations

decreased from 2000 (1.55 and 1.98 g g ) to 2007 (1.11 and 1.29

g g ) and Zn showed a varying trend with highest concentration

observed in 1999 (859.49 g g ) and lowest in 2000 (614.97 g g ),

with a medium concentration in 2007 (741.68 g g ) (Table 3). The

temporal increase of Co, Hg, Ni and Zn content suggests that a

local contamination could be prevalent in the area. Cardoso .

(2009) found good correlation between tissue and sediment Hg

concentrations. Mercury accumulates specially on sediment

particles and its bioaccumulation in soft tissue of is rapid

when exposed to contaminated sediments (Cardoso ., 2009)

indicating that increasing tendency of tissue Hg could be related to

a higher bioavailability of this metal through time. The highest Hg

concentration reported in sediment of PTC for 2007 (0.24 g g )

confirms this hypothesis.

These temporal tendencies observed in soft tissues of
do not match with those observed in shells, where metal

concentration decreased from 1999 to 2007. However, only Zn
and Co concentration at PTC for both tissue types seemed to
follow the same profile; with Co showing a decreasing trend for
the period 1999-2000 (r =0.99, p<0.05) and Zn showing a more
variable profile (Fig. 3). Studies that have focused on the

Patella aspera
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accumulation of toxic metals in both shell and soft tissues have
shown that there is a general correlation between soft and hard
parts composition for Zn and Hg (Fuge ., 1993), but no
correlation was reported for other metals and species. In
the present study, at the station where no temporal variability
could be observed (PTC) good correlations were found for Zn and
Co, however no relationships were found at PTL station between
both tissues. These results indicate that when temporal variations
on the environmental chemistry are expected it is more
appropriate to use the calcified tissues than the soft tissue to
monitor these tendencies. As filter feeder bivalve,
incorporates to its body tissues the elements eventually trapped
in the sediment and water, however animal's physiology and
environmental concentrations in water and sediments may vary
the accumulation rates. On the other hand, results also confirmed
that different capacity that both tissue types have to respond to
the chemical conditions present in water and sediment, with shell
tissue being more conservative, and thus, better recording the
temporal environmental changes. Moreover, soft tissues
chemistry seems to respond to other factors than the temporal
variation of the environmental composition.

In conclusion, concentration of Co, Hg, Mo, Ni, and Zn in

shells were higher at PTL than at PTC sites showing that

both Guadalquivir estuary stations were differently affected by

Aznalcóllar mine spill. Level of these five elements decreased from

1999 to 2007, suggesting that the effect of mine accident had

diminished. Metal content in soft tissues did not follow the same

decreasing trend indicating that soft tissues present a different

capacity to accumulate metals from the environment. Our results

confirm that microdrilling technique is a reliable alternative tool to

obtain discrete samples from bivalve shells to assess

bioaccumulation of contaminants during the entire animal's life-span.
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